The macro MC (MMC) method is a well-established method for electron beams allowing accurate and efficient dose calculations in clinical routine [1, 2]. In principle, this method should work for proton beams and should lead to an efficiency gain for MC proton dose calculation. Analogous to the electron macro MC, the approach for the proton macro MC is a local to global MC method. A schematic view of the local simulations is shown in figure 1 (left) .
The histograms scored in the local simulations have been converted into probability density functions (PDFs) preserving correlations such as between the lateral displacement and the direction. The PDFs are then used in the global simulation in which the protons are transported in macro steps according to the appropriate slab material and thickness. For the validation homogeneous phantoms of water, lung, muscle, adipose and bone with a dose grid resolution of 2x2x1 mm 3 have been used.
As examples, figure 2 shows calculated integral depth dose curves as well as dose profiles at several depths for lung and cortical bone using either Geant4 or MMC.
Figure 2: Calculated integral depth dose curves (a, c) and dose profiles (b, d) using Geant4 (dashed lines for dose profiles) and MMC (solid lines): (a, b) a 100 MeV mono-energetic proton pencil beam in lung; (c, d) a 250 MeV mono-energetic proton pencil beam in cortical bone.
The results of the dose comparisons demonstrate the very accurate and efficient calculation of dose distributions for protons in homogeneous materials using the newly developed macro MC method. 
